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SOUND  POWER  MEASUREMENT 
ON  THE  M1E1  ENGINE 
AND  TOTAL  POWER  PACK 


INTRODUCTION 


Background 

The  M1E1  tank's  power  plant,  a  turbo-shaft  engine, 
is  very  different  from  the  traditional  diesel  or  gasoline 
reciprocating  engine,  and  represents  a  departure  in 
Army  technology  for  overground  vehicles.  One  of  the 
factors  inherent  in  the  turboshaft  engine  as  compared 
to  the  diesel  engine  is  increased  noise  levels.  As  such, 
engine  construction,  rework,  and  training  facilities 
require  degrees  of  acoustical  treatment  not  required  for 
the  more  traditional  diesel  engine. 

Purpose 

The  purpose  of  this  study  was  to  (1)  determine 
acoustic  sound-power  emission  levels  versus  frequency 
for  the  Ml  El  engine  as  it  operates  within  a  training- 
type  facility  (a)  loaded  on  a  water  break  (dyna¬ 
mometer-type  device)  and  (b)  unloaded,  but  with 
transmission  engaged:  and  (2)  develop  options  and 
directions  for  the  appropriate  acoustical  design  of 
engine  test  and  training  facilities. 


APPROACH 


The  sound  power  in  watts  (P)  is  simply  the  integral 
of  the  acoustic  intensity  (1)  over  some  surface  (S) 
enclosing  the  source: 

P  =  /Slds  |Eq  1 ) 

This  integral  can  be  approximatedarbitrarily  closely  by 
the  summation  of  the  average  acoustic  intensity  over 
a  set  of  finite  areas  multiplied  by  each  area: 


P  =*  ?  1;  ASj 


where  1.  is  the  intensity  on  the  i1"  discrete  area,  and 
ASj  is  its  surface  area. (In  the  limit  as  AS  -*  0  and  i  -«■  <*>. 
Eq  2  becomes  Eq  1.)  In  practice,  these  discrete  areas 
should  be  flat  rectangular  surfaces  with  areas  ranging 
up  to  2  m2 . 

Figure  1  shows  a  hypothetical,  six-sided,  box-like 
surface  enclosing  a  noise  source.  The  “floor"  is  a  hard 
reflecting  surface  which  absorbs  no  power.  The  sum¬ 
mation  of  the  average  acoustic  intensity  over  the  other 
five  surfaces  multiplied  by  the  surface  area  of  each  sur¬ 
face  yields  the  power  output  of  this  device  in  watts. 
The  sixth  surface,  the  floor,  is  considered  an  ideal 
reflector.  Power  emitted  downwards  by  the  device  is 
reflected  by  the  floor  and  so  exists  through  one  of 
the  other  five  surfaces. 


MEASUREMENT  SURFACES 


MEASUREMENT  SURFACES 


Figure  2.  The  sound  “rays"  from  any  externa!  source  enter  the  near  measurement  surface  (negative  power  flow  out 
ot  the  surface)  and  exit  through  another  face  of  the  overall  measurement  surface  (positive  power  flow 
out).  The  net  result  over  the  entire  measurement  surface  is  zero. 


Figure  2  shows  the  effect  of  an  external  noise  source 
in  the  vicinity  of  the  measurement.  As  long  as  there  is 
no  significant  absorption  within  the  cube,  sound 
entering  one  surface  must  exist  within  that  surface  or 


another  surface  so  the  net  acoustic  power  from  the 
external  source  flowing  outward  through  the  surface 
is  zero.  Similarly  since  the  net  flow  is  zero,  reflections 
off  a  wall  or  other  nearby  objects  (Figure  3)  also  fail  to 


REFLECTING 
:  SURFACE 


Figure  3.  Sound  ray  from  the  source  which  reflects  off  the  nearby  surface  may  enter  (negative  power  flow  out) 
and  exit  (positive  power  flow  out)  the  measurement  surface.  The  net  contribution  of  the  reflected  "ray" 
over  the  entire  measurement  surface  is  zero. 
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add  to  the  acoustic  power  measurement.  (The  reflec¬ 
tion  off  the  wall  can  also  be  thought  of  as  a  mirror 
image  source;  hence,  its  contribution  is  zero.) 

Thus,  the  measurement  of  acoustic  intensity  over  a 
surface  enclosing  only  the  acoustic  source  of  interest 
offers  a  relatively  simple  and  economic  means  to 
develop  the  acoustic  sound  power  output  of  a  device 
while  (1)  in  actual  use  and  (2)  in  the  presence  of 
other  noise  sources  and  reflecting  surfaces.  The  ma¬ 
jor  requirement  for  these  measurements  is  a  sound 
intensity  meter. 

Recently,  the  U.S.  Army  Construction  Engineering 
Research  Laboratory  (CERL)  purchased  a  newly 
developed  Bruel  and  Kjaer  sound  intensity  meter. 
Intensity  is  defined  as  the  product  of  the  scaler 
acoustic  pressure  and  the  vector  acoustic  velocity. 
In  this  intensity  meter,  the  acoustic  pressure  is  approxi¬ 
mated  by  the  average  of  two  microphones  spaced 
front -to-front  at  typically  12  mm  (Figure  4).  The 
sound  velocity  (v)  is  related  to  the  pressure  (p) 
by  Eq  3,  where  the  partial  derivative  of  velocity 
with  respect  to  time  is  proportional  to  the  pres¬ 
sure  gradient 


5  v  - - 

Po6p~*radP  (Eq  3  j 

where  p0  is  the  density  of  air.  The  acoustic  velocity  is 
approximated  as  the  integral  of  the  pressure  differ¬ 
ence  (between  the  two  microphones)  with  respect 
to  time  (t). 

So,  in  this  meter,  the  intensity  is  approximated  as: 


1 


k 


^Pi(t)  +  Pa(t)  ^  ^1  yT  P»(t)-Ps(t) 


(Eq  4J 


where  pt  and  pi  are  the  pressures  measured  by  the  two 
microphones  separated  by  the  small  distance  (typically 
12  nun),  and  k  is  a  proportional  constant. 

This  sound  intensity  meter  was  used  to  measure  the 
sound  power  output  in  one-third  octave  frequencies 
for  the  M1E1  engine  and  transmission  operated  in  its 
training  mode  at  Aberdeen  Proving  Ground,  MD  and 
for  the  MlEI  engine  operating  with  a  water  break 
(dynamometer-type  of  device)  at  the  Stratford  Army 
Engine  plant,  CT  (where  they  are  built).  Two  engines 
were  measured  at  the  Stratford  plant,  one  outdoors 
and  one  indoors.  In  all  three  cases,  complex  rectan¬ 


vd 

Figure  4.  Two-microphone  sensor.  The  space  between 
the  two  microphones  is  A,  typically  12  mm. 
The  pressure  is  the  average 

Pi(0  +  Pa(t) 

2 

The  velocity  (v)  in  the  direction  of  the 
arrow  is 


_  J_  />Pi(t)~Ps(t) 

Pj 

where  p0  is  the  density  of  air. 


gular  surfaces  were  mapped  out  over  the  engine,  the 
average  intensity  within  each  rectangle  of  the  surface 
was  measured,  and  the  acoustic  power  developed. 


3  MEASUREMENTS  AND  RESULTS 


The  current  MiEl  engine  repair  training  facility  at 
Aberdeen  Proving  Ground  is  a  large,  open,  garage-type 
structure.  The  power  pack  (i.e.,  the  engine  complete 
with  transmission  and  other  auxiliary  equipment)  is 
removed  as  a  unit  from  the  tank  chassis,  and  students 
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■lie  taught  '..ii k' Us  wavs  to  tuneup  the  power  p.iek  ill  holding  the  sensoi  iioinul  to  the  suifaie  (liguie  s  I 

the  field  In  its  nowest  mode,  the  engine  opeiales  at  This  aveiagmg  was  done  at  least  thiee  tunes  h>  thiee 

lated  speed  with  the  transmission  engaged,  hut  with  ditteient  peisous  toi  .'I  seconds  dining  eaJr  avciagiug 

no  load  ''ii  the  tiansinission  At  Abeideen  (and  at  operation  Thus,  a  ve-v  good  aveiage  was  aulomatisailv 

.in',  new  IjLihty  I.  an  exhaust  hood  is  fit  o\ei  the  de\eloped  by  what  amounts  to  at  least  a  ‘hi-second 

engine  exhaust  to  duet  the  hot  exiting  gases  up  a  integial  Tlnee  ditteient  persons  weie  used  to  average 

stack  and  out  through  the  ioof  At  Aberdeen,  the  out  potential  individual  bias, 

root  line  is  about  25  It  m)  above  the  flooi  The 

exhaust  duct  is  made  ftom  heavv  gauge  steel  Two  ineasuiemem  pioblenis  weie  encoumeied  ai 

Abeideen  Fust,  the  transmission  and  the  auxiliaiv 
At  both  Abeideen  and  St i attend .  CTRL  built  a  equipment  includes  two  large  cooling  tans,  the  larget 
lectangulat  suilace  over  the  engine  and  tiansinission  having  a  capacity  ot  ('000  elm  (2.bin'  si.  Because  it  is 

pack  (Figure  5)  using  thin-wall  conduit  and  suing.  impossible  to  make  measuiements  in  the  piesence  ot 

This  construction  was  done  in  two  phases  Fust,  the  this  high-velocity  flow  (the  noise  generated  bv  the  an 

engine  and  tiansinission  were  enclosed,  mapped,  and  turbulence  at  the  nuciopbone  leads  to  eironeous  ic 

measuied.  Second,  the  exhaust  stack  was  enclosed  and  suits),  a  battling  device  was  const i ucted  entnelv  within 

measuied  (Ftgnie  ts).  Figure  ~  shows  the  set  of  suiface  the  measurement  enclosure  to  deflect  and  channel  the 

aieas  ('FRl.  used  to  develop  the  acoustical  intensity  for  an  while  it  giaduallv  slowed  in  velocitv  (Figuie'i) 

the  mam  engine,  chassis,  and  stack  at  Aberdeen.  This  Since  this  battle  device  was  entnelv  within  the  enclo- 

figure  also  shows  the  labeling  scheme  and  dimensions.  sure,  the  net  powei  measuied  ovei  the  closed  sin  face 

still  must  represent  the  sound  powei  output  of  the 
The  average  intensity  over  any  rectangle  was  devel-  device  (a  further  indication  of  how  vigorous  and  robust 
oped  by  sweeping  the  sensor  over  the  surface,  while  acoustic  intensity  is  as  a  measurement  method). 


A  second  problem  was  the  height,  location  and  tor  the  exhaust  does  not  represent  a  problem,  since 

temperature  of  the  exhaust  exit.  The  exit  was  located  it  is  the  acoustic  power  internal  to  the  structure  which 

high  in  the  air.  The  exhaust  temperatures  were  greater  dictates  the  structure's  design.  The  exhaust  represents 

than  those  temperatures  the  microphone  intensity  a  separate  problem,  since  it  will  not  contribute  sig- 

sensor  could  withstand  (the  exhaust  temperature  near  nificantly  to  the  internal  acoustic  levels.  In  the  case 

the  engine  is  cKJO°F  (477c'C’|  I.  In  terms  of  the  interior  of  Aberdeen,  external  noise  in  no  way  represents  an 

design  for  a  new  training  facility,  the  lack  of  data  environmental  problem.  Thus,  the  entire  design  is 


Figure  6.  Stack  grid  at  the  Aberdeen  measurements  (note  the  analyzer  and  display  in  the  foreground  and  the  ply¬ 
wood  battle  in  the  back;  mind) 
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Figure  7.  Aberdeen  test  configuration. 


Figure  8.  “Sweeping”  a  section  of  the  stack  grid  at  the  Aberdeen  measurements. 


dictated  by  the  sound  power  data  developed  by  this 
study. 

Table  1  lists  the  sound  power  level  (PWL)  in  deci¬ 
bels  developed  by  one-third  octave  bands  (re:  10~12 
watts)*  for  the  engine  and  transmission  at  Aberdeen. 
Figure  10  plots  these  results.  Table  1  also  lists  the  data 
by  side  (Figure  7).  Appendix  A  explains  the  calculation 
of  the  data  in  Table  1  and  contains  the  entire  data  set.^ 

Two  M1E1  engines  were  measured  at  the  Stratford 
Army  Engine  Pant,  one  outdoors  in  the  development 
test  area  and  one  indoors  in  an  existing  production  test 
cell.  Similar,  although  not  identical,  areas  were  mapped 
for  the  outside  and  inside  measurements.  The  outdoor 
measurements  ducted  through  a  short  section  of  pipe 


♦The  power  (P)  in  watts  equals  10^PWL^'°*  x  10  12 . 

^The  data  for  two  squares  per  side  at  Aberdeen  included 
frequencies  down  to  25  Hz.  These  generally  “tailed  of T’  and 
were  so  low  in  level  relative  to  the  higher  frequencies  that  only 
data  from  100  Hz  up  were  generally  gathered  and  reported. 


into  the  open  air.  The  indoor  measurements  ducted 
through  a  vertical  stack  which  rose  about  20  ft  (6  m) 
above  the  roof  level.  The  outside  engine  was  well  worn 
and  could  only  develop  900  hp  (666  kW).  The  inside 
engine  was  new  and  was  tested  at  1350  hp  (999  kW). 
The  exhaust  temperature  directly  off  the  engine  is 
1400°F  (752°C),  and  at  high  velocity.  Hence,  it  was 
impossible  to  directly  measure  the  exhaust. 

Similar,  but  not  identical  rectangular  enclosures 
were  built  for  the  outside  and  inside  measurements 
(Figures  11  and  12,  respectively).  Table  2  lists  the 
sound  power  levels  emitted  by  each  of  the  engines 
in  the  various  one-third  octave  bands.  (Appendix  B 
contains  the  entire  data  set.)  Figure  13  shows  these 
same  data.  The  main  contribution  to  the  sound  power 
for  both  the  outdoor  and  indoor  engine  test  came 
through  Square  1 ,  the  square  facing  the  engine  air  inlet. 
The  data  for  Square  1  are  tabulated  in  Table  3  and 
illustrated  in  Figure  14.  In  each  case,  all  of  the  other 
squares  contributed  substantially  less  acoustic  power 
(at  least  10  dB  less).  No  other  areas  predominated. 
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Table  1 

Aberdeen  Sound  Power  Levels  by  Side  and  Total  (Re:  10'12  watts) 


Location: 

Test: 

Date:  i5Sep82 

Box 

A 

» 

C 

D 

f:  a  a  to  DD 

Total 

Mike/Spacer 

Band/Freq  N 

• 

20 

100 

89.1 

85.8 

87.2 

92.8 

80.2 

83.4 

96.0 

21 

125 

87.5 

84.5 

78.7 

93.1 

83.7 

78.7 

95.1 

22 

160 

87.1 

-90.5 

-84.2 

89.2 

-91.6 

-88.8 

-93.5 

23 

200 

90.1 

91.9 

80.8 

95.1 

92.6 

90.2 

99.4 

24 

250 

91.2 

91.0 

79.7 

95.4 

91.2 

85.7 

99.0 

25 

330 

91.6 

87,5 

-81.2 

95.4 

84.4 

-81.6 

97.4 

26 

400 

96.2 

96.5 

85.7 

99.5 

96.9 

93.4 

104.0 

27 

500 

94.1 

94.2 

86.4 

98.8 

95.3 

90.1 

102.5 

28 

630 

98.5 

98.4 

89.3 

102.1 

98.6 

92.0 

106.0 

29 

800 

97.6 

99.1 

92.6 

102.4 

99.4 

93.4 

106.4 

30 

1  K 

99.6 

100.7 

89.3 

104.4 

101.4 

93.9 

108.1 

31 

1.25  K 

111.6 

114.9 

98.5 

115.6 

115.1 

106.5 

120.8 

32 

1.6  K 

104.2 

104.8 

92.0 

109.3 

105.2 

98.2 

112.7 

33 

2  K 

100.5 

100.0 

87.0 

105.0 

100.2 

94.1 

108.2 

34 

2J  K 

104.6 

103.8 

84.2 

108.1 

105.0 

97.7 

111.9 

35 

3.2  K 

100.3 

98.5 

82.5 

104.6 

98.6 

94.1 

107.5 

36 

4  K 

100.3 

98.4 

-76.1 

105.5 

97.2 

94.8 

107.8 

37 

5  K 

98.3 

93.7 

-76.9 

103.1 

93.8 

91.4 

104.9 

38 

6.3  K 

96.3 

90.3 

69.2 

100.7 

92.7 

89.1 

102.9 

39 

8  K 

94.7 

86.2 

-63.0 

98.4 

89.7 

87.3 

100.7 

40 

10  K 

94.9 

85.2 

72.2 

97.5 

89.6 

85.9 

100.2 

Total 

114.5 

116,3 

101.5 

118.7 

116.6 

109.0 

123.0 

Table  2 

Table  3 

Stratford  Inside  and  Outside  Tests- 

Stratford  “Box  1“  Inside  and  Outside  Test 

Total  PWL  (Re:  10 

r13  watts) 

(PWL  Re:  lO"12 

watts) 

Location: 

Teat: 

Date: 

Location: 

Test: 

Date: 

Box 

Inside  Outside 

Box 

Inside 

Outside 

Mike/Spacer 

Mike/Spacer 

Band/Freq 

N 

Band/Freq 

N 

20 

100 

104.8 

103.7 

20 

100 

-100.9 

0 

21 

125 

95.8 

99.2 

21 

125 

0 

0 

22 

160 

-89.0 

91.8 

22 

160 

0 

0 

23 

200 

94.4 

98.1 

23 

200 

0 

0 

24 

250 

90.7 

99.8 

24 

250 

0 

96.0 

25 

320 

95.7 

102.4 

25 

320 

0 

0 

26 

400 

104.1 

107.3 

26 

400 

0 

100.0 

27 

500 

94.8 

105.6 

27 

500 

0 

103.5 

28 

630 

98.5 

108.7 

28 

630 

0 

104.5 

29 

800 

100.8 

106.7 

29 

800 

92.0 

102.3 

30 

IK 

100.9 

105.9 

30 

IK 

96.7 

103.3 

31 

1.25  K 

106.5 

107.4 

31 

1.25  K 

104.5 

105.4 

32 

14  K 

112.7 

110.9 

32 

1.6  K 

111.8 

110.2 

33 

2  K 

116.5 

115.4 

33 

2  K 

116.2 

116.3 

34 

24  K 

110.4 

112.9 

34 

2.5  K 

109.4 

113.0 

35 

3.2  K 

113.1 

119.9 

35 

3.2  K 

112.6 

121.0 

36 

4  K 

114.9 

115.9 

36 

4  K 

114.4 

116.0 

37 

SK 

109.1 

114.2 

37 

5  K 

108.4 

113.5 

38 

64  K 

110.9 

119.7 

38 

6.3  K 

110.4 

120.5 

39 

8K 

112.9 

114.5 

39 

8  K 

112.8 

113.7 

40 

10  K 

113.1 

115.7 

40 

10K 

113.0 

115.6 

125 


Figure  10.  Tola)  sound  power  level  spectrum.  Aberdeen  test. 
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Figure  14.  Stratford  Army  Engine  Plant.  "Box  !."  inside  and  outside  tests  (PWL  Re:  1  O'12  watts 


4  ACOUSTICAL  DESIGN 


Interior  Acoustic  Design 

The  sound  pressure  level  (SPL)  in  an  inclosed  space 
is  given  in  terms  of  the  sound  power  level  (PWL) 
emitted  by  a  source  (in  SI  units): 

SPL  =  PWL  +  10  log  +  [Eq  5] 

In  this  Eq  5,  Q  represents  a  directivity  index  of  the 
source.  It  can  be  thought  of  as  the  ratio  of  the  specific 
emissions  in  a  given  direction  as  compared  with  an 
omnidirectional  source  of  the  same  power.  The  dis¬ 
tance  from  the  source  is  r.  RT  is  commonly  known  as 
the  room  constant  and  is  defined  by  . 

In  Eq  6,  S  is  the  surface  area  in  square  meters  and  a  is 
the  average  absorption  coefficient.  Basically,  the  first 
term  in  Eq  5  represents  the  source  strength.  The 
second  term  in  Eq  5  describes  the  constituents  of  the 
interior  sound  field.  It  incorporates  two  terms,  the 
direct  field  and  the  reverberant  field.  The  direct 
field  term  takes  into  account  the  source’s  directivity, 
Q,  and  the  ~  sound  decay  with  distance.  The  latter 
term  (4/RT)  represents  the  reverberant  field  contribu¬ 
tion.  It  builds  up  in  an  enclosed  space  and  is  a  func¬ 
tion  of  the  surface  area  and  average  absorption  in 


the  room.  Basically,  the  larger  the  surface  area  and 
the  greater  the  absorption,  the  lower  the  reverberant 
sound  field. 

At  any  point  in  a  room,  the  total  sound  field  is  the 
sum  of  the  direct  field  and  the  reverberant  field.  Figure 
1 5  illustrates  the  sound  fields  in  a  room  as  one  moves 
radially  from  a  source.  The  direct  field  decays  as  A;  the 
reverberant  field  is  a  constant.  “Near"  the  source,  the 
direct  field  predominates.  Where  the  reverberant  field 
(in  energy  density)  is  much  smaller  than  the  direct 
field,  it  can  be  ignored  when  calculating  the  resulting 
total  field,  with  no  significant  loss  in  accuracy.  “Far” 
from  the  source,  the  reverberant  field  predominates 
and  the  direct  field  can  be  ignored  when  calculating  the 
resulting  total  field. 

Figure  IS  also  indicates  the  total  sound  field  level. 
Note  that  the  two  fields,  expressed  as  levels  in  decibels, 
are  added  logarithmically  by. 

|Eq7| 

“Near”  and  “far”  are  controlled  by  the  source  size, 
room  size,  and  room  absorption. 

A  typical  engine  test  cell  for  new  construction  or 
maintenance  will  have  a  surface  area  on  the  order  of 
80  m* .  Since  hard  concrete  might  have  an  absorption 
coefficient  of  0.025,  the  resulting  room  constant  (RT) 


Figure  IS.  Description  of  sound  field  around  sound  source  in  reverberant  room. 
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is  on  the  order  of  2.  Normally,  a  test  cell  is  not  occu¬ 
pied  in  a  production  or  maintenance  facility.  If  an 
occupant  were  internal,  he  or  she  might  be  1  to  2  m 
from  the  source.  With  these  types  of  dimensions  (and 
an  average  directivity  factor  Q  of  1 ),  the  direct  source 
field  contributes  a  term  on  the  order  of  and  the 
reverberant ,  field  contributes  a  term  on  the  order  of 
2.  Clearly,  in  this  instance,  the  reverberant  field  pre¬ 
dominates  and  is  the  main  factor  contributing  to  the 
sound  pressure  in  the  inclosed  space  Since  energy 
leaving  the  test  cell  for  other  parts  Of  the  facility  is 
directly  proportional  to  the  average  sound  level  in  the 
test  cell  itself,  the  reverberant  field  is  also  the  primary 
factor  contributing  to  power  radiated  through  the  test 
cell  walls  and  doors  to  other  parts  of  the  facility. 

The  reverberant  field  in  the  test  cell  is  easily 
reduced  by  using  sound-absorbing  material.  For 
example,  an  average  absorption  coefficient  a  of  0.2  will 
change  the  room  constant  from  2  to  20.  This  will  yield 
a  10-dB  reduction  in  the  reverberant  sound  field.  An 
average  absorption  coefficient  of  0.S  results  in  a  room 
constant  of  80,  and  the  reverberant  sound  field  is  less¬ 
ened  by  16  dB  as  compared  with  the  hard  concrete 
case.  At  this  point,  the  direct  and  reverberant  field  will 
be  almost  the  same,  so  there  is  no  point  in  adding  more 
absorption  to  the  room.  In  fact,  an  average  absorption 
a  of  about  0.2  is  probably  about  the  best  bargain, 
since  10  dB  area  gained  in  going  from  what  is  essen¬ 
tially  hard  walls  to  walls  with  an  average  absorption  of 
0.2.  Only  another  6  dB  are  gained  by  more  than  dou¬ 
bling  the  average  absorption  from  0.2  to  0.5. 

Interior  Acoustic  Design  Options 

As  noted,  the  primary  sound  source  measured  at  the 
Stratford  Army  Engine  Plant  was  the  engine  air  outlet. 
The  test  cell  already  requires  a  large  air  inlet  opening  to 
the  outdoors  to  provide  the  air  needed  to  run  and  cool 
the  engine.  If  an  acoustically  lined  and  muffled  duct 
were  run  from  the  outdoor  inlet  to  the  air  inlet  on  the 
engine,  the  initial  sound  power  in  the  test  cell  could  be 
reduced  by  about  10  dB.  Adding  sound-absorbing 
materials  with  an  absorption  coefficient  of  0.2  to  the 
walls  will  lower  the  cell  noise  levels  by  another  10  dB. 
Thus,  the  total  level  in  the  test  cell  can  be  reduced  by 
20  dB  over  the  present  hard-surface,  no-duct  case. 

Indoor  levels  in  a  control  room  next  to  the  test  cells 
should  be  kept  to  about  60  dB(A),  or  less.  Without 
treating  the  test  cells,  special  heavy  doors,  walls,  and 
windows  are  needed  to  provide  60  to  70  dB  of  isola¬ 
tion.  If  wall  absorption  and  an  inlet  duct  can  lower  the 
level  20  dB,  the  walls  and  doors  of  the  control  room 
would  only  need  to  attenuate  the  sound  by  40  to  50 


dB  instead  of  the  60  tu  70  dB  required  without  an  inlet 
ducting  or  wall  absorption  in  the  test  cell.  So  ii  be¬ 
comes  a  tradeoff  between  better  sound  reducing  doors 
and  walls  or  absorption  in  the  room  and  a  duct  to  the 
air  inlet.  In  either  case,  some  kind  of  muffler  section 
may  be  required  between  the  outside  and  the  test  cell, 
both  for  the  inlet  and  the  exhaust. 

The  engine  test  cells  at  the  training  facility  to  be 
built  at  Aberdeen  Proving  Ground  will  regularly  have 
personnel  within  the  cell.  This  is  because  Aberdeen  is  a 
teaching  facility,  rather  than  a  const i action  or  rework 
facility.  At  the  training  facility,  the  main  noise  source 
appears  to  be  related  to  the  transmission.  Unlike  the 
engine  alone,  there  are  no  predominant  “hot  spots” 
which  radiate  noise.  The  noise  levels  are  high  and  duct¬ 
ing  the  inlet  does  not  appear  to  be  an  effective  method 
for  lowering  the  overall  noise  level.  As  with  the  test 
cells,  acoustical  absorbing  materials  on  the  wall  will 
lower  the  ambient  noise  level.  However,  there  is  no 
reason  to  have  an  average  absorption  coefficient  greater 
than  about  0.2,  since  the  direct  field  at  distances  of 
about  1  m  will  begin  to  predominate  over  the  reverber¬ 
ant  field  if  greater  absorption  is  included.  Adding 
absorption  material  will  lower  the  reverberant  field  by 
about  10  dB.  With  an  80  m2  cell  surface  and  no  ab¬ 
sorbing  material,  the  SPL  in  the  cell  will  be  on  the 
order  of  128  dB.  The  absorbing  materials  will  lower 
this  level  to  118  dB,  which  is  definitely  an  improve¬ 
ment  both  for  personnel  in  the  test  cell  and  in  terms  of 
sound  isolation  requirements  to  adjacent  parts  of  the 
facility.  Nevertheless,  hearing  protection  devices  will 
still  clearly  be  required  and  communications  will  rely 
on  electronic  hardware. 

Exterior/Environmental  Acoustic  Design 

Since  exhaust  noise  could  not  be  measured  near  the 
engines  because  of  the  high-flow  velocities  and  elevated 
temperatures,  an  outdoor  free-field  measurement  must 
be  used  to  obtain  these  data,  as  required. 

Department  of  Defense  guidance  on  environmental 
noise  indicates  that  daytime  average  levels  should  be 
kept  below  about  65  dB(A)  for  a  continuous  source. 
Nighttime  levels  need  to  be  reduced  by  ubout  10  dB. 
to  55  dB(A).  However,  the  M1E1  engine  produces 
substantial  tow-frequency  energy.  This  low-frequency 
energy  may  cause  walls  to  vibrate  noticeably.  This 
vibration  can  result  in  a  significant  community  reaction 
not  totally  accounted  for  in  the  A-weighted  measure. 

In  most  cases,  the  required  noise  reduction  (if  any) 
needed  for  environmental  purposes  should  be  relatively 
modest  and  achievable  by  lining  the  exhaust  duct  and 


F  . 

f 


putting  two  90°  bends  in  the  exhaust  duct.  Materials 
such  as  those  used  in  jet-t ,  line  nacelles  will  withstand 
the  temperatures  and  flows  present  in  the  cell. 


5  CONCLUSIONS 

This  study  developed  the  required  sound  power  data 
for  interior  acoustic  design.  In  the  process,  sound  in¬ 


tensity  measurement  has  been  demonstrated  as  a  very 
powerful  technique  for  determining  design  options. 
In  particular: 

1.  An  average  absorption  on  test  cell  surfaces  of 
0.2  will  lower  interior  levels  by  10  dB. 

2.  For  an  engine  plant,  inlet  ducting  can  achieve  an 
additional  10-dB  reduction  in  cell  interior  noise  levels. 
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APPENDIX  A: 

A8ERDEEN  DATA 
(See  Figure  7  for  locations) 

The  power  (P)  is  derived  from  the  measured  inten¬ 
sity  levels  (L,')  using  Eq  2.  Intensity  levels  are  con¬ 
verted  to  units  proportioned  to  intensity  (IjOt  10L,‘/10), 
multiplied  by  their  respective  area  in  square  meters  Sj. 
and  summed: 

P=Z  10L|i/'°X  S,X  10-'1  [EqAlJ 

i  1 

The  power  is  converted  to  sound  power  level  (PWL)  by 

PWL  =  10  log  (P  X  10n), 

=  10log(P)+ 120.  [Eq  A2] 

For  (he  data  in  Appendices  A  and  B,  a  number  of 
averages.  N.  were  made  on  each  rectangular  surface  so 
Eq  A1  becomes 

P  =  S  ^-10L,i/«ox  SjX  10-*1  [Eq  A3] 
where  Pf  is  given  at  the  top  of  each  column  in  the  ap¬ 


pendices.  For  example  the  power  radiated  through  side 
A  in  the  160  Hz,  one-third  octave  band  is: 

P=  (^X  10*-“  X  1.11  - |x  10***  X  1.1 1 

-|x  10s-1*  X  1.11  +|x  10’40  X  1.11 

+  jx  10*40  X  1.11  +|x  10*4*  X  1.11 

+  |x  10™  X  1.11  +  jX  10*44  X  1.11 

+  jX  10*44  X  1.1 1  ^  X  10-41 
=  .509  mW 

where  1.11  is  the  area  in  square  meters  of  a  3  ft  .  by 
4  ft.  surface.  Had  the  surface  areas  been  different, 
then  each  Ss  (currently  1.11)  would  have  been  differ¬ 
ent.  The  power  level  radiated  through  side  A  in  the 
160  Hz,  one-third  octave  band  is  given  by  Eq  2.  It  is 

L,  =  10  log  (.509  X  10-V  120 

=  -32.9+120 

=  87.1  dB 


Location:  Test:  Aberdeen  Date:  14  July  82 


Box 

A-l 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-8 

A-9 

Mike/Spacer 

*4-12 

Vi—  1 2 

Vi—  1 2 

14-12 

Vi-12 

*4-50 

Vi — 12 

Vi—  1 2 

Vi-12 

Band/Freq 

N 

4 

3 

3 

3 

3 

4 

3 

3 

3 

20 

100 

88.0 

0 

0 

80.0 

84.0 

87.3 

82.4 

87.4 

82.4 

21 

123 

85.4 

0 

0 

81.4 

83.0 

84.4 

84.7 

83.4 

83.0 

22 

160 

82.2 

-80.9 

-81.9 

78.0 

84.0 

86.9 

78.0 

86.4 

85.4 

23 

200 

87.0 

0 

0 

82.4 

85.3 

86.0 

88.3 

87.4 

85.7 

24 

230 

87.4 

76.0 

77.0 

84.3 

86.8 

87.7 

87.4 

88.0 

88.3 

23 

330 

89.1 

-76.7 

-79.7 

86.3 

86.9 

89.6 

86.4 

88.3 

88.1 

26 

400 

91.9 

81.4 

81.9 

90.7 

91.0 

95.0 

90.2 

91.8 

93.8 

27 

300 

89.9 

79.7 

79.3 

89.4 

89.6 

91.5 

89.6 

90.9 

90.5 

28 

630 

95.4 

83.7 

83.4 

93.4 

93.7 

95.6 

93.1 

95.1 

95.7 

29 

800 

94.9 

84.6 

86.3 

92.0 

93.1 

95.9 

93.0 

92.5 

93.6 

30 

1  K 

96.1 

85.6 

86.5 

94.3 

95.0 

98.3 

94.3 

94.1 

96.2 

31 

1.23  K 

108.4 

97.0 

96.9 

103.6 

106.3 

110.1 

103.4 

106.7 

II  0.6 

32 

1j6  K 

100.1 

88.6 

90.3 

99.0 

100.0 

101.9 

99.0 

99.7 

101.4 

33 

2K 

96.0 

83.9 

83.5 

93.6 

97.0 

97.9 

95.2 

96.1 

97.5 

34 

2J  K 

98.8 

97.4 

89.4 

98.3 

101.7 

101.4 

98.7 

100.7 

103.1 

33 

3.2  K 

93.4 

83.1 

86.1 

96.2 

97.7 

93.7 

93.3 

96.8 

98.3 

36 

4  K 

89.6 

84.8 

83.6 

96.3 

98.1 

78.9 

95.7 

97.0 

99.2 

37 

5  K 

-87.7 

83.2 

84.9 

93.4 

97.1 

-91.9 

93.1 

94.7 

97.5 

38 

64  K 

-84.1 

82.7 

83.7 

94.6 

94.5 

-15.0 

91.6 

91.6 

94.4 

39 

8K 

77.9 

80.3 

80.6 

92.2 

92.6 

82.7 

90.7 

89.5 

93.1 

40 

10  K 

79.8 

80.3 

80.9 

92.7 

91.9 

78.4 

91.6 

90.3 

93.1 

Total 

104.8 

93.2 

93.6 

104.1 

106.1 

106.5 

103.8 

105.8 

108.7 

26 
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Teat:  Aberdeen 


Dele:  14  July  82 
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3 

3 

3 

3 

3 

3 

3 

4 

3 

20 
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0 

0 

0 
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0 

0 
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0 

21 
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0 

0 

0 

0 

0 

0 
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0 

22 
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81.9 

-82.7 

-83.4 
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-  79.7 
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0 
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23 

200 

81.4 

79.4 

82.4 

83. S 

85.1 

81.0 

78.0 

87.3 

0 

24 

250 

77.0 

77.8 

81.1 

79.5 

81.4 

77.0 

0 

88.6 

0 

2$ 

330 

0 

0 

0 

0 

0 

78.9 

76.7 

89.6 

87.9 

26 

400 

84.1 

88.1 

88.2 

87.6 

86.3 

82.7 

84.0 

94.6 

90.7 

27 

500 

80.4 

82.4 

84.0 

84.9 

83.9 

80.4 

80.6 

92.7 

84.0 

28 

630 

85 .0 

88.0 

88.2 

88.8 

87.0 

82.9 

84.1 

98.5 

83.8 

29 

800 

86.0 

88.2 

90.0 

89.3 

88.9 

86.3 

86.0 

97.2 

91.3 

30 

1  K 

87.1 

89.1 

91.0 

90.9 

89.2 

86.5 

87.8 

99.2 

92.6 

31 

1.25  K 

99.5 

102.1 

106.6 

104.4 

102.0 

98.3 

99.5 

115.1 

108.0 

32 

1.6  K 

90.8 

92.5 

95.3 

94.3 

92.9 

89.6 

89.7 

104.7 

96.9 

33 

2  K 

86.2 

87.7 

89.7 

88.5 

87.0 

83.8 

85.3 

100.0 

90.2 

34 

23  K 

88.1 

91.4 

95.9 

92.6 

92.4 

85.7 

88.9 

103.9 

94.9 

35 

3.2  K 

85.1 

87.2 

89.6 

87.4 

86.6 

83.1 

84.4 

98.0 

92.2 

36 

4  K 

84.5 

87.5 

91.1 

87.9 

86.5 

82.9 

83.0 

97.4 

93.4 

37 

5  K 

83.2 

85.0 

87.3 

84.1 

83.1 

76.6 

79.2 

93.2 

88.0 

38 

6.3  K 

81.8 

83.4 

83.7 

80.0 

79.3 

74.9 

79.9 

86.9 

88.4 

39 

8K 

80.4 

81.4 

80.3 

75.3 

73.2 

70.0 

77.1 

82.4 

82.5 

40 

10  K 

80.5 

81.6 

79.6 

73.2 

70.0 

70.0 

77.9 

80.0 

81.4 

Total 

97.2 

99.6 

103.6 

101.5 

99.6 

95.8 

96.9 

110.8 

104.8 

Location:  Teat:  Aberdeen  Date:  14  July  82 


Box 

B-10 

B-l! 

B-l  2 

B-l  3 

B-14 

B-l  5 

B-l  6 

B-l  7 

B-l  8 

Mike/Spacer 

Vi-12 

Vi-12 

V4-12 

Vi-1 2 

Vi-12 

Vi-12 

Vi -50 

Vi-12 

Vi-12 

Band/Freq 

N 

3 

3 

3 

3 

3 

2 

4 

3 

4 

20 

100 

80.0 

0 

0 

0 

0 

81.0 

88.0 

0 

0 

21 

125 

0 

0 

0 

79.0 

0 

0 

87.4 

0 

0 

22 

160 

-82.7 

-83.4 

-80.9 

-82.7 

-83.4 

-79.7 

86.4 

-81.9 

-82.7 

23 

200 

84.6 

84.0 

78.0 

81.0 

81.4 

82.4 

91.9 

83.0 

81.8 

24 

250 

80.4 

81.1 

78.4 

78.4 

79.0 

78.4 

93.0 

82.5 

80.0 

25 

330 

79.0 

78.5 

0 

-77.9 

0 

-76.7 

93.4 

76.8 

-76.7 

26 

400 

87.1 

86.7 

81.6 

86.1 

88.9 

84.9 

94.8 

87.0 

85.6 

27 

500 

84.6 

84.9 

80.0 

82.4 

83.9 

83.0 

94.8 

84.9 

82.3 

28 

630 

90.0 

88.7 

82.9 

87.6 

88.9 

88.8 

97.4 

89.4 

86.4 

29 

800 

89.5 

89.7 

86.1 

87.1 

88.3 

87.9 

99.3 

89.6 

87.5 

30 

IK 

92.1 

91.4 

86.9 

87.7 

89.0 

89.4 

101.3 

90.9 

88.5 

31 

1.25  K 

106.9 

104.3 

98.4 

101.3 

104.4 

105.7 

113.7 

103.3 

101.1 

32 

14  K 

94.0 

94.9 

90.3 

91.2 

94.1 

74.4 

105.5 

94.2 

91.5 

33 

2K 

89.3 

88.9 

84.0 

85.1 

87.7 

88.0 

101.1 

88.4 

85.6 

34 

24  K 

94.8 

93.7 

85.5 

87.9 

90.4 

92.8 

104.1 

93.5 

88.9 

35 

3.2  K 

88.3 

88.4 

83.4 

84.1 

86.1 

87.1 

98.6 

87.5 

84.9 

36 

4  K 

89.0 

89.8 

82.5 

83.1 

86.1 

88.4 

97.4 

89.1 

84.9 

37 

5K 

85.7 

86.0 

72.3 

74.9 

82.6 

84.4 

89.7 

83.9 

79.9 

38 

64  K 

81.0 

82.7 

75.4 

78.1 

79.5 

80.3 

80.0 

80.6 

77.0 

39 

8K 

76.1 

77.8 

70.0 

74.7 

74.7 

75.3 

80.0 

74.1 

70.5 

40 

10  K 

73.3 

73.8 

70.0 

75.7 

74.1 

73.2 

80.0 

70.0 

70.1 

Total 

103.6 

101.7 

95.9 

98.4 

101.3 

103.9 

110.1 

100.9 

97.1 

27 


! 

I  Location:  Teat:  AM«M  Dale:  14  inly  82  I 


Boa 

f-l 

C-  2 

C-3 

04 

05 

06 

07 

08 

09 

MUu/Sfaccf 

Vi  12 

Vi  12 

Vi-50 

Vi-12 

Vi-12 

Vi-12 

Vi-12 

Vi- 50 

Vi-12 

Baad/Fraq 

N 

6 

3 

4 

3 

3 

3 

3 

4 

3 

20 

100 

85.7 

83.0 

84.1 

0 

-81.9 

0 

0 

-86.0 

0 

21 

123 

81.4 

0 

79.5 

0 

78.0 

0 

0 

0 

0 

22 

160 

-79.7 

-81.9 

82.6 

-819 

0 

-80.9 

-81.9 

-74.9 

-82.7 

23 

200 

82.7 

77.0 

82.0 

0 

-77.9 

77.0 

-77.0 

72.0 

80.5 

24 

250 

80.0 

0 

81.7 

0 

78.8 

0 

0 

74.0 

0 

2S 

330 

-84.4 

-77.9 

79.3 

-77.9 

77.8 

-76.7 

-79.7 

0 

-78.9 

26 

400 

0 

79.1 

80.6 

81.2 

79.8 

80.7 

80.0 

84.3 

82.9 

27 

500 

87.4 

79.5 

84.9 

78.4 

83.9 

80.8 

78.1 

-73.4 

80.4 

28 

630 

84.3 

80.7 

88.8 

81.3 

84.3 

82.2 

80.4 

-70.4 

89.0 

29 

800 

83.0 

84.0 

89.4 

84.1 

94.5 

85.4 

83.5 

-82.7 

84.9 

30 

1  K 

-78.4 

84.8 

84.7 

84.4 

87.9 

86.0 

83.8 

-79.1 

85.5 

31 

1.25  K 

99.4 

96.0 

-96.1 

96.3 

81.1 

95.7 

94.0 

-86.4 

95.3 

32 

1j6  K 

-81.0 

88.3 

90.1 

88.0 

79.0 

89.3 

87.8 

-81.3 

88.9 

33 

2  K 

-78.4 

81.9 

89.0 

81.3 

79.9 

82.3 

80.6 

-78.0 

82.4 

34 

23  K 

83.9 

81.0 

79.9 

8G.9 

78.2 

82.2 

80.0 

-84.7 

82.0 

35 

3.2  K 

-82.1 

80.7 

75.5 

80.4 

70.0 

81.2 

80.0 

-79.0 

81.0 

36 

4  K 

—84.5 

79.7 

-85.7 

78.9 

0 

79.0 

78.4 

-80.8 

79.1 

37 

5  K 

-76.3 

70.0 

-82.4 

0 

0 

70.0 

70.0 

-74.5 

70.0 

38 

6.3  K 

-72.9 

70.0 

-75.3 

0 

70.0 

70.0 

70.0 

70.0 

70.0 

39 

8  K 

-76.1 

0 

70.0 

0 

0 

0 

0 

70.0 

0 

40 

I0K 

-76.1 

70.0 

70.0 

70.0 

0 

70.0 

70.0 

70.0 

0 

Total 

92.5 

93.5 

82.1 

93.5 

92.2 

93.6 

91.7 

-86.3 

93.7 

Location: 

Box 

D-l 

D-2 

Teat: 

D-3 

8  LamjIaaii 

Aonvm 

EM 

D-5 

D4 

D-7 

Date: 

D-8 

14  July  82 

D-9 

Mike/Spacer 

Vi-12 

Vi-12 

Vi- 12 

Vi-12 

Vi-50 

Vi-12 

Vi-12 

Vi-12 

Vi-12 

Band/Freq 

N 

3 

3 

3 

3 

4 

3 

3 

3 

3 

20 

100 

82.4 

80.0 

0 

0 

84.7 

0 

0 

85.7 

85.4 

21 

125 

0 

84.7 

0 

0 

80.6 

0 

0 

84.7 

87.7 

22 

160 

0 

79.8 

-89.7 

0 

80.1 

0 

0 

79.8 

82.0 

23 

200 

83.3 

88.4 

89.4 

88.0 

85.2 

0 

81.4 

84.9 

88.4 

24 

250 

82.0 

86.9 

88.4 

86.0 

83.6 

0 

83.0 

87.9 

89.4 

25 

330 

85.0 

88.9 

0 

0 

85.3 

0 

85.4 

90.0 

89.5 

26 

400 

863 

90.4 

91.9 

90.0 

91.1 

0 

89.7 

91.9 

92.6 

27 

500 

86.9 

92.1 

92.9 

92.0 

88.5 

0 

88.9 

92.4 

92.0 

28 

630 

89.4 

95.2 

93.9 

95.0 

93.5 

82.0 

90.7 

95.1 

96.1 

29 

800 

91.1 

94.2 

95.1 

94.9 

92.7 

86.7 

92.4 

953 

96.8 

30 

IK 

93.0 

97.1 

97.8 

96.0 

93.4 

85.4 

96.8 

99.3 

98.1 

31 

1.25  K 

108.0 

112.4 

109.4 

108.5 

105.1 

102.4 

107.2 

111.1 

107.1 

32 

1j6  K 

99.1 

102.9 

102.9 

102.0 

98.4 

91.7 

100.9 

102.9 

103.5 

33 

2K 

93.8 

97.7 

98.6 

98.0 

93.9 

89.5 

96.1 

98.4 

99.4 

34 

23  K 

97.6 

100.5 

102.3 

101.1 

95.6 

94.0 

99.6 

101.4 

101.7 

35 

3.2  K 

93.1 

96.6 

98.4 

99.3 

91.5 

92.7 

96.2 

97.7 

98.3 

36 

4K 

94.5 

98.0 

99.4 

99.4 

87.9 

94.3 

99.4 

100.0 

98.2 

37 

SK 

90.9 

94.7 

96.7 

98.9 

-76.2 

94.4 

94.9 

95.6 

95.4 

38 

63  K 

86.4 

91.1 

93.5 

97.3 

-79.0 

953 

90.8 

91.9 

92.9 

39 

8K 

82.1 

87.5 

90.9 

95.2 

-71.6 

94.1 

86.8 

88.3 

90.4 

40 

10  K 

79.5 

85.9 

89.1 

94.7 

80.7 

93.7 

83.9 

86.1 

88.3 

Total 

105.3 

109.6 

108.0 

107.6 

102.0 

101.6 

106.0 

109.0 

107.2 

28 


5 


Location: 


Teat:  Aberdeen 


Dale:  14  July  82 


Box 

DIO 

D-ll 

D-12 

D-13 

D-14 

D-15 

D-16 

D-17 

D-18 

Mike/Spacer 

•A- 12 

VI- 1 2 

Vi-  12 

Vi-12 

Vi-12 

Vi-50 

Vi- 12 

Vi  12 

Vi  12 

Band/Eteq 

N 

3 

3 

3 

3 

3 

4 

3 

3 

3 

20 

100 

86.3 

0 

80.0 

81.0 

88.1 

91.0 

89.3 

88.4 

80.0 

21 

125 

84.7 

80.8 

0 

82.0 

89.6 

92.1 

89.2 

87.7 

80.0 

22 

160 

81.5 

0 

0 

84.5 

89.9 

89.9 

85.4 

82.8 

78.0 

23 

200 

87.3 

83.0 

82.1 

85.3 

90.3 

91.9 

87.8 

87.5 

84.4 

24 

250 

88.4 

84.4 

83.4 

84.1 

89.2 

92.9 

89.7 

88.6 

84  7 

25 

330 

87.6 

85.9 

82.4 

85.9 

89.5 

93.1 

89.3 

88.1 

85.0 

26 

400 

90.6 

91.5 

85.4 

94.2 

93.6 

94.2 

92.5 

92.1 

91.6 

27 

500 

92.2 

89.3 

86.3 

89.6 

92.2 

93.9 

90.8 

89.9 

86.4 

28 

630 

95.9 

93.4 

91.8 

93.6 

95.1 

96.6 

94.5 

94  9 

89.8 

29 

800 

96.9 

92.3 

88.4 

93.9 

96.5 

97.8 

94.8 

93.2 

89.5 

30 

1  K 

97.5 

93.7 

89.6 

97.0 

99.2 

98.9 

96.2 

92.6 

88.3 

31 

1.25  K 

106.6 

104.4 

102.6 

106.7 

107.4 

107.2 

105. 1 

104.4 

102.7 

32 

Ij6  K 

103.0 

98.4 

95.1 

100.9 

102.4 

103.5 

102.0 

99.1 

94.7 

33 

2  K 

98.8 

95.9 

92.6 

96.8 

98.0 

98.9 

97.9 

95.9 

91.1 

34 

2.5  K 

100.9 

97.1 

95.8 

102.5 

103.2 

100.1 

99.5 

97  4 

95.1 

35 

3.2  K 

98.4 

95.5 

93.5 

97.4 

97.8 

94.5 

96.9 

94  4 

91.5 

36 

4  K 

98.4 

95.9 

94.3 

99.9 

98.9 

91.4 

96.6 

94.7 

93  4 

37 

5  K 

96.9 

95.7 

92.6 

96.9 

95.9 

80.4 

93.7 

92.5 

91.0 

38 

6.3  K 

95.5 

94.4 

91.0 

92.1 

92.1 

-79.2 

92.1 

90.7 

89.0 

39 

8  K 

93.2 

92.8 

89.4 

87.9 

88.0 

-72.5 

90.1 

89.4 

87.1 

40 

10  K 

91.6 

92.2 

89.9 

85.0 

85.8 

71.0 

88.5 

90.2 

87.9 

Total 

106.9 

104.2 

102.4 

106.5 

107.3 

105.6 

105.5 

104.1 

101.5 

Location:  Teal:  Aberdeen  Date:  14  July  82 


Box 

E-l 

E-2 

E-3 

E-4 

E-5 

E-6 

E-7 

E-8 

Mike/Spacer 

Vi-12 

Vi-12 

Vi-12 

Vi-50 

Vi-12 

Vi-12 

Vi-12 

Vi-12 

Band/P req 

N 

3 

3 

3 

3 

3 

3 

3 

3 

20 

100 

0 

0 

0 

-83.5 

80.0 

0 

0 

0 

21 

125 

0 

0 

0 

83.3 

0 

0 

-80.9 

0 

22 

160 

-81.9 

-82.7 

-82.7 

84.1 

-81.9 

-81.9 

78.0 

-89.7 

23 

200 

78.8 

78.8 

84.2 

88.8 

82.7 

78.0 

0 

0 

24 

230 

0 

77.0 

79.0 

89.8 

77.8 

0 

-78.9 

0 

25 

330 

-78.9 

-77.9 

-76.7 

88.9 

0 

0 

82.3 

87.9 

26 

400 

81.4 

83.4 

85.1 

91.3 

87,4 

83.4 

78.7 

89.0 

27 

500 

79.0 

81.9 

82.3 

92.2 

82.9 

81.3 

84.1 

1) 

28 

630 

84.0 

86.4 

86.7 

95.0 

88.2 

84.7 

85.3 

83.7 

29 

800 

84.9 

86.4 

87.4 

94.9 

88.4 

87.0 

85.9 

85.8 

30 

IK 

85.0 

86.1 

87.4 

96.7 

88.6 

86.8 

95.9 

85.4 

31 

1.23  K 

94.8 

96.0 

96.6 

108.1 

98.6 

96.7 

89.3 

94.6 

32 

UK 

88.4 

90.4 

91.4 

101.1 

91.0 

89.9 

83.4 

90.4 

33 

2K 

82.5 

8S.0 

85.1 

96.4 

85.3 

83.1 

84.1 

83.5 

34 

25  K 

81.6 

85.3 

85.9 

99.1 

87.5 

83.4 

84.1 

84.7 

33 

3.2  K 

82.9 

85.2 

84.9 

93.8 

83.9 

81.7 

84.3 

86.8 

36 

4  K 

83.1 

84.5 

83.4 

92.7 

82.6 

80.6 

82.7 

87.1 

37 

5  K 

81.3 

84.5 

81.4 

89.1 

77.9 

70.0 

82.8 

88.1 

38 

6JK 

82.7 

84.8 

82.4 

78.7 

75.5 

70.0 

80.2 

89.3 

39 

8K 

78.6 

83.2 

80.1 

70.6 

70.0 

0 

81.1 

86.6 

40 

10  K 

78.5 

83.6 

79.8 

70.3 

70.0 

70.6 

0 

89.0 

Total 

94.6 

96.4 

96.9 

107.4 

98.1 

95.9 

95.7 

96.0 

29 


Location: 


Box 

E-10 

Mike/Spacer 

Vi-12 

Band/Freq 

N 

3 

20 

100 

0 

21 

125 

79.0 

22 

160 

-82.7 

23 

200 

84.9 

24 

250 

81.4 

2S 

330 

0 

26 

400 

88.6 

27 

500 

85.3 

28 

630 

88.4 

29 

800 

90.0 

30 

IK 

90.9 

31 

1.25  K 

101.8 

32 

iJf>  K 

93.9 

33 

2  K 

89.5 

34 

23  K 

92.1 

35 

3.2  K 

87.7 

36 

4K 

87.4 

37 

5  K 

83.7 

38 

63  K 

80.4 

39 

8K 

74.3 

40 

10  K 

70.0 

Total 

101.1 

Teat:  Aberdeen 


E-ll 

E-12 

E-13 

E-14 

Vi-12 

Vi-12 

Vi-12 

Vi-12 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

-83.4 

-82.7 

-80.9 

-80.9 

83.5 

0 

79.4 

81.4 

80.0 

0 

0 

76.0 

0 

-78.9 

-77.9 

-77.9 

87.1 

83.5 

83.5 

85.4 

85.0 

80.4 

80.4 

81.6 

89.2 

84.1 

84.1 

86.9 

89.1 

86.3 

85.7 

87.9 

90.6 

86.6 

86.4 

88.9 

100.7 

96.0 

97.1 

100.8 

93.1 

89.1 

89.6 

92.4 

87.7 

83.3 

84.3 

88.0 

90.9 

84.5 

86.1 

91.1 

86.4 

82.7 

84.2 

87.7 

85.6 

81.5 

83.9 

87.5 

81.7 

72.5 

82.5 

87.1 

78.9 

74.1 

83.5 

86.9 

71.8 

70.0 

80.4 

85.7 

70.0 

70.0 

80.2 

85.8 

100.0 

95.3 

96.6 

100.2 

Date:  14  July  82 


E-15 

E-16 

E-17 

E-l  8 

Vi-50 

Vi-12 

Vi-12 

Vi-12 

4 

3 

3 

3 

85.0 

0 

80.0 

0 

86.0 

0 

0 

0 

0 

-83.4 

-84.4 

-81.9 

89.9 

86.3 

81.0 

82.7 

91.0 

80.4 

80.8 

81.4 

91.0 

0 

-77.9 

76.8 

96.0 

87.0 

85.8 

83  6 

94.9 

85.3 

84.6 

83.0 

98.2 

88.5 

87.7 

85.6 

98.9 

89.1 

88.4 

88.4 

101.3 

90.7 

89.1 

87.7 

117.9 

104.7 

100.8 

100.0 

106.5 

94.4 

92.1 

92.9 

101.5 

88.5 

86.7 

87.2 

107.7 

92.9 

89.9 

91.1 

993 

87.3 

85.8 

88.4 

96.4 

87.9 

85.4 

89.5 

90.0 

84.3 

81.9 

85.6 

89.9 

80.9 

78.7 

82.1 

85.4 

75.6 

71.8 

77.1 

80.0 

72.5 

70.0 

70.0 

114.7 

103.0 

99.7 

99.6 

Location: 


Band/Freq 

Box 

Mike/Spacer 

N 

20 

100 

21 

125 

22 

160 

23 

200 

24 

250 

25 

330 

26 

400 

27 

500 

28 

630 

29 

800 

30 

IK 

31 

1.25  K 

32 

UK 

33 

2K 

34 

2.5  K 

35 

3.2  K 

36 

4K 

37 

5  K 

38 

6JK 

39 

8K 

40 

10  K 

Total 

Teat:  Aberdeen 


AA-1 

AA-2 

AA-3 

Vi-12 

Vi-12 

Vi-12 

3 

3 

3 

83.0 

-80.9 

0 

0 

0 

0 

-84.4 

-82.7 

-82.7 

81.4 

79.4 

78.0 

76.0 

78.4 

79.5 

77.9 

-  78.9 

0 

83.3 

83.9 

87.3 

79.3 

80.6 

83.0 

81.0 

79.8 

85.4 

83.3 

85.2 

87.9 

83.1 

84.3 

86.5 

94.8 

96.6 

97.7 

87.3 

88.1 

90.2 

80.2 

81.6 

85.0 

78.1 

84.9 

88.1 

80.7 

82.6 

85.4 

79.6 

83.0 

85.7 

74.9 

80.6 

84.4 

75.3 

80.1 

83.3 

71.7 

78.7 

82.1 

-76.6 

7S.S 

82.2 

92.6 

94.3 

96.3 

Date:  IS  July  82 


BB-1 

BB-2 

BB-3 

Vi-12 

Vi-12 

Vi-12 

3 

3 

3 

83.5 

0 

83.0 

0 

0 

0 

-82.7 

-81.9 

-82.7 

78.8 

78.8 

87.8 

77.8 

79.0 

80.4 

-77.9 

-76.7 

-77.9 

82.9 

84.2 

86.0 

79.5 

81.7 

83.0 

80.4 

84.3 

85.9 

83.4 

86.4 

88.3 

83.5 

86.3 

88.4 

95.4 

97.7 

99.4 

88.0 

89.5 

91.4 

81.1 

84.3 

86.3 

82.4 

87.3 

90.4 

81.7 

83.6 

85.1 

81.4 

83.1 

84.4 

75.7 

78.5 

79.8 

74.5 

76.8 

78.2 

70.0 

72.2 

74.7 

70.0 

70.0 

71.5 

93.3 

95.6 

97.9 

30 


Location: 


Teat:  Aberdeen 


Date:  IS  inly  82 


Box 

CT-1 

CC-2 

CC-3 

DD-1 

DD-2 

DD-3 

Mike/Spacer 

'A- 1  2 

Vi  1  2 

35-12 

'h  12 

Vi-12 

'h  12 

Band/lrt-q 

N 

3 

3 

3 

3 

3 

3 

20 

100 

80.0 

0 

80.0 

0 

-80.9 

0 

21 

125 

0 

0 

80.0 

80.0 

0 

0 

22 

160 

—81.9 

-83.4 

-80.9 

-82.7 

-82.7 

0 

23 

200 

82.1 

83.3 

86.3 

83.0 

84.6 

88.8 

24 

250 

79.5 

82.0 

81.1 

79.0 

80.0 

0 

25 

330 

-78.9 

0 

0 

0 

0 

0 

26 

400 

84.0 

85.7 

84.7 

84.7 

85.5 

93.9 

27 

500 

78.7 

82.7 

84.2 

80.9 

83.9 

90.2 

28 

630 

80.1 

85.1 

86.2 

83.3 

86.5 

91.5 

29 

800 

83.6 

86.1 

88.4 

83.7 

87.0 

91.5 

30 

1  K 

83.2 

87.0 

88.4 

83.3 

86.7 

93.7 

31 

1.25  K 

93.5 

97.8 

100.3 

94.5 

97.4 

108.0 

32 

1.6  K 

87.4 

90.2 

92.0 

87.7 

89.4 

99.1 

33 

2  K 

80.3 

84.8 

86.3 

80.9 

84.3 

96.3 

34 

2.5  K 

75.7 

86.9 

88.4 

-76.5 

86.2 

100.6 

35 

3.2  K 

80.3 

83.6 

84.4 

80.4 

83.4 

96.6 

36 

4  K 

78.9 

83.0 

83.7 

7-1.0 

82.5 

97.9 

37 

5  K 

70.0 

76.9 

77.1 

70.0 

77.2 

94.7 

38 

6.3  K 

71.5 

75.3 

75.4 

71.3 

75.5 

91.9 

39 

8  K 

70.0 

70.0 

70.5 

70.0 

70.0 

90.3 

40 

10  K 

70.0 

70.0 

70.0 

71.3 

70.0 

89.1 

Total 

91.9 

95.8 

98.0 

92.7 

95.5 

106.3 

31 


APPENDIX  B: 

STRATFORD  ARMY  ENGINE  PLANT  DATA 
(See  Figures  11  and  12  for  locations) 


Location:  Test:  Inside  Date:  19  Aug  H2 


Box 

1 

2 

3 

4 

5 

6 

7 

8 

9  ; 

Mike/Spacer 

Vi—  1 2 

y.-i2 

y«-12 

y.-i2 

y*-i2 

Vi  —  1 2 

y*-i2 

y«  -12 

■A  12 

Band/Freq 

N 

2 

2 

4 

2 

2 

2 

2 

4 

4  i 

20 

100 

100.9 

93.5 

100.6 

101.4 

-99.7 

93.2 

-96.4 

-89.0 

101.2  |. 

21 

125 

0 

-95.9 

99.5 

94.4 

-95.9 

-85.6 

93.4 

100.3 

99.1 

22 

160 

0 

88.2 

-87.7 

0 

-86.5 

-78.9 

-90.4 

-94.4 

o  I; 

23 

200 

0 

-81.7 

81.0 

0 

0 

0 

0 

-86.3 

88.8  | 

24 

250 

0 

0 

82.5 

80.0 

0 

79.5 

0 

-82.5 

o  ! 

25 

330 

0 

86.3 

90.5 

82.8 

89.4 

85.1 

0 

87.9 

89.4  j 

26 

400 

0 

94.4 

98.1 

92.4 

95.5 

92.5 

90.7 

95.0 

98.7  ! 

27 

500 

0 

84.6 

88.0 

82.6 

84.8 

84.1 

88.1 

77.7 

83.0  j 

28 

630 

0 

91.2 

92.4 

87.4 

90.6 

85.4 

82.0 

86.9 

90.1  | 

29 

800 

92.0 

89.6 

94.3 

90.8 

93.3 

89.5 

83.4 

94.1 

90.3 

30 

1  K 

96.7 

88.6 

92.9 

87.7 

89.9 

88.4 

89.3 

82.6 

89.7  i 

31 

1.25  K 

104.5 

96.1 

95.7 

89.4 

88.9 

94.9 

98.0 

94.0 

-91.4  | 

32 

1.6  K 

111.8 

100.9 

96.9 

-78.2 

-80.5 

99.1 

102.5 

97.7 

-97.4 

33 

2  K 

116.2 

99.6 

94.0 

91.5 

-89.0 

98.8 

100.4 

92.9 

-97.9 

34 

2.S  K 

109.4 

97.4 

92.0 

92.3 

-87.0 

98.0 

101.9 

94.0 

-95.2 

35 

3.2  K 

112.6 

98.7 

93.2 

91.9 

-91.3 

98.0 

102.1 

95.9 

-97.0 

36 

4  K 

114.4 

100.6 

-87.5 

90.9 

-93.5 

99.5 

103.9 

96.4 

-95.4 

37 

5  K 

108.4 

94.1 

89.4 

91.0 

83.9 

95.0 

98.5 

94.7 

-  89.4 

38 

6.3  K 

110.4 

93.9 

92.9 

90.8 

89.7 

94.3 

98.3 

96.0 

91.9 

39 

8  K 

112.8 

94.0 

82.5 

85.0 

-86.3 

93.8 

97.8 

90.9 

-97.6 

40 

10  K 

113.0 

95.0 

-81.0 

78.7 

-88.1 

94.7 

99.3 

92.0 

98.0 

Total 

122.3 

108.1 

97.5 

104.8 

-99.4 

107.6 

109.0 

98.7 

-94.5 

Location:  Test:  Inside  Date:  19  Aug  82 


Box 

10 

11 

12 

13 

14 

Mike/Spacer 

y.-i2 

y*-12 

Vi-12 

Vi- 1 2 

%-12 

Band/Fteq 

N 

2 

4 

2 

4 

4 

20 

100 

100.3 

96.7 

101.7 

101.7 

90.0 

21 

125 

-93.4 

98.0 

-87.7 

97.9 

97.6 

22 

160 

87.9 

89.0 

83.7 

0 

89.8 

23 

200 

85.1 

91.8 

87.3 

87.0 

91.4 

24 

250 

83.8 

86.0 

83.0 

87.8 

0 

25 

330 

86.3 

0 

86.1 

0 

0 

26 

400 

93.0 

90.5 

95.3 

93.1 

91.8 

27 

500 

83.9 

84.0 

85.1 

86.0 

86.5 

28 

630 

86.8 

87.1 

87.9 

88.7 

90.6 

29 

800 

88.7 

90.4 

89.5 

90.0 

89.4 

30 

IK 

88.5 

90.0 

88.4 

89.6 

89.9 

31 

1.25  K 

85.5 

90.9 

88.3 

-89.2 

90.4 

32 

1.6  K 

-75.7 

93.9 

88.9 

-96.0 

93.4 

33 

2  K 

90.9 

88.5 

92.3 

-96.0 

92.5 

34 

U5  K 

88.3 

92.1 

84.5 

-93.4 

91.5 

35 

3.2  K 

92.0 

84.7 

83.4 

-96.5 

89.0 

36 

4  K 

90.4 

80.0 

-87.3 

-98.7 

84.9 

37 

5  K 

86.1 

85.4 

82.6 

-91.9 

0 

38 

6.3  K 

86.7 

87.3 

85.5 

-94.2 

86.4 

39 

8  K 

82.9 

86.2 

88.3 

-97.1 

0 

40 

10  K 

84.6 

85.7 

88.7 

-97.3 

85.3 

Total 

103.1 

101.1 

104.2 

-97.1 

100.5 

32 


Bon 

1 

Mike/Spacer 

54  1 2 

Bind/Freq 

N 

3 

20 

100 

0 

21 

125 

U 

22 

>60 

t) 

23 

200 

0 

24 

250 

96.0 

25 

330 

0 

26 

400 

100.0 

27 

500 

103.5 

28 

630 

104.5 

29 

800 

102.3 

30 

IK 

103.3 

31 

I.2SK 

105.4 

32 

1.6  K 

110.2 

33 

2  K 

116.3 

34 

2.5  K 

113.0 

35 

3.2  K 

121.0 

36 

4  K 

1 16.0 

37 

5  K 

113.5 

38 

6.3  K 

120.5 

39 

8  K 

113.7 

40 

10  K 

115.6 

Total 

124.7 

Locat°on: 

Box 

Mike/Spacer 

Band/Freq 

N 

20 

100 

21 

125 

22 

160 

23 

200 

24 

250 

25 

330 

26 

400 

27 

500 

28 

630 

29 

800 

30 

1  K 

31 

1.25  K 

32 

UK 

33 

2K 

34 

2.5  K 

35 

3.2  K 

36 

4  K 

37 

SK 

38 

6.3  K 

39 

8  K 

40 

10  K 

Total 


Text: 

Outside 

2 

3 

4 

5 

'4  12 

K  1 2 

14-12 

14  12 

3 

3 

2 

2 

93.3 

93.9 

92.1 

95.6 

89.5 

90.7 

90.9 

91.3 

87.3 

86.7 

85.0 

85.4 

89.5 

84.9 

86.4 

84  9 

90.2 

86.1 

84.4 

84,6 

92.2 

89.7 

85.8 

94.2 

96.0 

98.9 

94.3 

101.5 

97.1 

90.0 

86.9 

88.1 

100.6 

99.3 

92.0 

95.3 

98.4 

97.2 

91.3 

95.3 

97.5 

96.5 

89.2 

94.1 

98.9 

96.5 

89.2 

95.8 

102.3 

96.0 

89.7 

94.9 

104.1 

95.0 

90.7 

93.7 

101.2 

95.2 

93.5 

92.1 

107.0 

98.1 

94.4 

93.9 

102.9 

94.5 

92.3 

93.4 

102.5 

95.4 

92.0 

93.4 

107.6 

98.0 

94.8 

96.5 

101.2 

93.0 

89.1 

90.0 

100.6 

91.2 

87.1 

89.4 

112.6 

106.7 

101.2 

107.5 

Test: 

Outside 

10 

II 

12 

15 

y<  12 

V,  12 

14  1 2 

y.-i2 

2 

2 

2 

2 

101.0 

97.9 

99.6 

105.7 

98.6 

90.9 

93.6 

102.5 

95.1 

0 

0 

99.8 

-91.3 

77.9 

83.0 

103.7 

-88.4 

87.1 

87.9 

105.1 

92.4 

97.5 

102.9 

105.7 

97.7 

105.0 

96.4 

107.4 

85 .4 

91.5 

81.0 

108.0 

97.9 

86.8 

93.7 

108.4 

95.9 

91.4 

90.0 

107.7 

90.7 

91.5 

95.2 

107.1 

89.  H 

90.3 

85.1 

106.9 

91.9 

94.9 

82.7 

107.0 

93.7 

87.5 

90.3 

107.3 

89.0 

83.4 

87.1 

107.9 

9S.1 

-85.3 

91.9 

108.6 

94.8 

89.7 

82.1 

108.3 

94.4 

-79.7 

87.6 

108.1 

97.2 

88.7 

90.1 

109.0 

96.8 

-74.3 

79.8 

108.7 

9S.S 

-79.9 

-78.9 

109.5 

93.2 

89.1 

88.4 

114.4 

Date:  IK  Aug  M2 


6 

7 

8 

9 

‘,4-12 

54  12 

'/4  12 

y.  12 

2 

4 

2 

4 

93.4 

102.9 

103.0 

103.9 

90.4 

99.9 

1 00.5 

101.2 

87.9 

101.9 

95.1 

96.4 

89.7 

98.7 

90.9 

93  9 

90.4 

99.4 

91.0 

89  8 

92.3 

1181.0 

98.1 

79.8 

98.5 

98.3 

103.7 

93,2 

96.1 

99.9 

0 

86.1 

98.9 

99.6 

102.1 

97.4 

96.9 

0 

98.4 

95.5 

95.4 

-98.4 

94.6 

88.1 

96.6 

0 

90.1 

90.0 

99.8 

103.4 

92.9 

91.2 

98.7 

104.9 

93.7 

91.9 

97.9 

106.7 

98.8 

89.7 

101.9 

1 10.9 

99.6 

91.8 

102.8 

111.3 

98.5 

90.6 

100.2 

111  1 

99.8 

88.6 

102.7 

112.9 

101.0 

98.4 

98.7 

1 1 2.4 

98.1 

73.6 

97.1 

112.7 

98.1 

83.4 

111.4 

116.8 

98.9 

97.1 

Date:  18  Aug  82 

16 

17 

18 

54-12 

51-12 

V.  12 

2 

2 

2 

106.0 

105.4 

105.3 

101.6 

101.4 

101.7 

96.4 

103.4 

94.5 

96.4 

97.9 

94.4 

93.0 

92.7 

92.0 

101.6 

100.3 

93,7 

96.9 

95.3 

94  4 

93.8 

93.0 

93  0 

97.4 

98.4 

9<,  9 

94.9 

95.0 

94.** 

95.7 

94.5 

94  2 

95.9 

92.8 

94.7 

96.3 

93.1 

95.9 

97.7 

93.1 

96.5 

99.1 

93.4 

97.0 

99.9 

93.9 

98.5 

99.9 

93.7 

985 

100.4 

93.6 

98.7 

101.8 

94.8 

100.4 

97.0 

92.5 

96.7 

95.3 

92.0 

94.9 

105.4 

105.0 

104.1 

33 
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